PRESSURE- COVPENSATED ACCUMULATOR BOTTLE CROSS
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Application No. 60/993,1 10, entitled
"Pressure- Conpensat ed Accunul ator Bottle", filed on
Sept enber 10, 2007, which is herein incorporated by
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claimed below. This dlscu33|on is believed to be helpful in providing the reader with

within a

background information to facilitate a better understanding of the various aspects of
the present invention. Accordingly, it should be understood that these statements are

to be read in this light, and not as admissions of prior art.

[0004] As will be appreciated, supplies of oil and natural gas have a profound
effect on modern economies and civilizations. Devices and systems that depend on
oil and natural gas are ubiquitous. For instance, oil and natural gas are used for fuel
in a wide variety of vehicles, such as cars, airplanes, boats, and the like. Further, oil
and natural gas are frequently used to heat homes during winter, to generate
electricity, and to manufacture an astonishing array of everyday products.

[0005] In order to meet the demand for these resources, companies often spend a
significant amount of time and money searching for and extracting oil, natural gas, and
other subterranean resources from the earth. Particularly, once a desired resource is
discovered below the surface of the earth, a drilling system is often employed to
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SUMMARY

[0007] Certain aspects commensurate in scope with the originally claimed
invention are set forth below. It should be understood that these aspects are
presented merely to provide the reader with a brief summary of certain forms the
invention might take and that these aspects are not intended to limit the scope of the
invention. Indeed, the invention may encompass a variety of aspects that may not be

set forth below.



i nvention mght take and that these aspects are not
intended to limt the scope of the invention. |ndeed,

WO b@9josseeht i on may enconpass a variety of aspeRPCBHUS1088/075607
may not be set forth bel ow [ 0008] Enbodi nents of the
present invention generally relate to a novel
pressur econpensat ed accunul ator bottle. In certain
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may exist in relation to various aspects of the

resent invention. Further features nay al so be. .
[Oooé)nco\’@fdﬁliﬁ einemenkeekihedeabiies ﬁ@W@V&m%IqX!St rheadation to
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the above-described aspects of the present invention alone or in any combination.
Again, the brief summary presented above is intended only to familiarize the reader
with certain aspects and contexts of the present invention without limitation to the

claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with



Again, the brief sunmary presented above is intended
only to famliarize the reader with certain aspects
wae@odtsext s of the present invention w thoutPCT/US2008/075607

l[imtation to the clained subject matter. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0010] These and ot her

features, aspects, and advantages of the present
referenveantthe mcobpahgingraratvatgsen whickefikd obarasters represent like parts

det ai | d description is read withreference

througgoqtﬁgegggwmggn B'dr awi ngs in which like characters

represent |ike parts t hr oughout the draw ngs, wherein:
[0011]001F Y. kG pérsbécﬁ\/eoxﬂéﬁ/&ﬁ%tri é&érﬁblﬁw Plfeséﬂre%@rﬂﬁbﬁéé(ted
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FIG 2 is a cross-sectional view of the accumul ator
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[001 Sgc cuiid &t QrarPditiéndl '&r@scé?é’?é?i%'ﬁ%fv@\i i tHQ %c%UPﬂ@étHPBéttle of

he pr esent 1 nventl on;
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W th one enbodi nent of the present i nventi on; [0015]

[0014F! G FIS.i4Sis@ 61085886l W thffé/\aélfurﬁtthto?%WEJbﬁFI‘G' 3,
bottle of FIG 3, depicting notion of the
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esent 1 nvent ensat |
vi ew of an exenplary hydraulic circuit containing the
[001 53]ccuﬁr(H &t igra trossisectibndfivighy ol tHe aa:cmnmatadamd:t&a ol ElG.dhe
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presstY& irf8tcordance with one embodiment of the present invention;

[0016] FIG. 6 is a schematic view of an exemplary hydraulic circuit containing the
accumulator bottle of FIGS. 1-5 in accordance with one embodiment of the present

invention; and

[0017] FIG. 7 is a block diagram of an exemplary resource extraction system
having one or more of the hydraulic circuits of FIG. 6 in accordance with one

embodiment of the present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0018] One or more specific embodiments of the present invention will be
described below. In an effort to provide a concise description of these embodiments,

all features of an actual implementation may not be described in the specification. It



havi ng one or nore of the hydraulic circuits of FIG 6
i n accordance with one enbodi nent of the present
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EMBODI MENTS [ 0018] One or nore specific enbodi nents of
the present invention will be described below. In an
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the listgg STanenten dfEREVet, 1bE 5 thr PBrs DEROTYaBoY B rRolpy. and
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particular orientation of the components
orientptipniah ghereampenents. present figures, an exerrpl ary

accunul ator bottle 10 is |IIustrated in FIG 1 in
0201 oF AR D RLESBROL SR of b BIAY SRl miparpotte 101

|||ustrtatw mdﬁ@ml |ata@bohidnbb6mﬂt00|¢@@mboﬁﬂﬁeat dijhelprngse’lrﬁ |nvent|on In
configured to receive and store hydraulic fluid

this pgsenliy distiated ermosimant 419 a%fémwatorrt@t%m@m@q@es a housing
12 cdfgﬁgmé@gglgblﬁw G6R hrabfMuid?as ofRusbed h §adi&GaRRail below.

The housing 12 includes a hollow central body 14, to which end caps 16 and 18 are
coupled. The end caps 16 and 18 may be secured to the central body 14 via bolts 20,
as illustrated in FIG. 1, or in any other suitable manner, including through the use of
other fasteners, welding, or the like. The body 14 and end caps 16 and 18 may be
formed of steel or some other high-strength material.

[0021] Various internal components and features of the accumulator bottle 10 may
be better understood with reference to the cross-sectional view of FIG. 2. In the
presently illustrated embodiment, the housing 12 of the accumulator bottle 10 includes
a plurality of chambers, such as chambers 24, 26, and 28, for receiving various fluids.
For instance, in one embodiment, the accumulator bottle 10 may be coupled to a
hydraulic circuit or system via an aperture 30 in the end cap 16, through which the

chamber 24 may receive hydraulic fluid. As discussed in greater detail below with



coupl ed. The end caps 16 and 18 may be secured to the
central body 14 via bolts 20, as illustrated in FIG
W@ 2000033985 any ot her suitabl e manner, includi ngP@HD8200$1075607

the use of other fasteners, welding, or the like. The

body 14 and end caps 16 and 18 nay be fornmed of steel

or sone other high-strength material. [0021] Various
respachteFIaS. 3-6npgistioh B2adidpdsstt witkie thé chhenlame @dnsdlates the

bottl e 10 may be better understood with reference t
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through yaHeys Qﬂﬁrtﬂomeﬁ%a granpyess sofull|jgecerdangenvith the present
tech di ments, the piston 32 is biased toward the
erture 30 by a spring 34 disposed in the chamber 26.
l\/bre specifically, in the presently illustrated
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compenadaiia withint theugicuatutator bottients merdiscusedah geeater detail below.
Th I le 1 [

The %enw Saggﬂn:pludees gr?%ggytur%t 4?8 v?f%tcﬁ p%rm?tsﬁwd cI:ommunlcatlon between

the chamber 28 and the environment external to the accumulator bottle 10.

[0023] In the presently illustrated embodiment, fluid ports 50 are provided through
an internal partition of the housing 12 to allow fluid communication between the
chambers 24 and 26, while fluid ports 52 allow fluid communication between the
chambers 26 and 28. Pistons 32 and 44, however, generally prevent fluid
communication between the chamber 26 and other hydraulic components via the
aperture 30, or between the chamber 26 and the external environment through
aperture 48. As will be appreciated, various seals 56 may be provided between
components of the accumulator bottle 10 to reduce or prevent fluid transfer between

different areas of the housing 12.



may be configured to allow the enclosure 40 to undergo
relative notion within the housing 12, such as
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position of the enclosure 40 within the housing 12 may
be fixed in one |ocation. Notably, a piston 44 and
spring 46 are disposed within the enclosure 40 to
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aperture 48. As will be appreciated, various seals
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different areas o usi ng
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housing 12 and the pistons 32 and 44 generally divide

he f th bot t
1002911¢ Jt Bl Heuditeh e TRleBV wBRERIof bRl Rl 6 53, and 64
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aperture 30, the region 60 will generally correspond
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as upon a drop in the pressure of a hydraulic circuit connected to the aperture 30), the
spring 34 will push the piston 32 toward the aperture 30, thereby forcing hydraulic fluid

out of the region 60 through the aperture 30.

[0026] Notably, in addition to the spring 34, the pressure of a fluid contained in the
region 62 may also apply a biasing force on the piston 32. In some embodiments, this
fluid may be a non-corrosive, low-compressibility oil that facilitates the use of less-
expensive high-strength materials, such as steels, to form various internal
components of the accumulator bottle 10, rather than more-expensive corrosion-
resistant materials. Other fluids and materials, however, may instead be used within
the region 62 in full accordance with the present techniques. While external fluids,
such as water in subsea applications, are allowed to enter the region 64 through the

7



region 64 corresponds to the encl osed vol une of the
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relative volunmes of the regions 60, 62, and 64 wll
change during operation depending on the position of
the pistons 32 and 44. As hydraulic fluid is
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More RaeaTORD: oh et iss! Bna sniomanh Ja potohad i &ilsaiag pistgn that
move%‘Wl?mﬁ rtiﬁ’éTbﬁQr%bQPQB‘irﬁ Pé‘sdo'n%é% frad ﬁﬁwdlé‘ht'ﬂ nsﬁ@eto@tﬁé‘éﬁwronment

[ustrated in hi's novement t ates Into
in whmdmtbemumlaibr bhwesm usm@smzsem ahowingreonemanisation Betwagen the

regiofh 02 A ERLBRLEL R HghS TS T el ated to Che amount the

spring is conpressed. Once the pressure within the

[0027]€e0i IarprizlemBodindrnger méuéineai 6Nthetwistanigat igigenkhslysiad@pendent
amount of cogﬁresm on of the spring 34 (such as upon a

of thajwﬁpmsmeof esping 3 thusglawing ilee amosini of enrigwcegable of
being ﬁoﬁéaeb ovvar d&& btggger tﬂg?ée U%rd:“lciqr\gfré hg%‘%ﬂvﬁgﬁmental

Of Ci
condlhyds; auén evhidnuthe piston G2 it Higllyr @gsrowithio thbrottnlatg’rbd:rizar and cannot

t 30. [0026 b| , ddi t to th
furth S goreSp ek SO 98- Kot Nl icgo REATM G AL NESPag Grines
enwr(g?girﬁrgﬁﬂe |§IQN@BH|tI¥e Qc@Urﬂ 'fk?r Bd?flé%‘?é‘ d@b%s@d HP8asss, tﬁé‘ pressure

Iment s l'ui d a Nnon- cor r osi
withirl the-regigor @4 &irbes theypistdn 4h i tramjmh rtlueadmecttdmmdmteﬂ by arrow 66

in FIG & PRSIk, SR A PAC ol &l b8 istof e s Bt G- he
pistorP Q4 trb8cHEY ar éhhiﬂbnur’ﬁ%’taf@?r&’tﬂﬂﬂ)%b\éﬁ)n 44 reaches the spring 46.
corrosionresistant materials. Oher fluids and

This mavemeal sf thecmet@ér44 ety eidivection lrmbcale@dvyvthe lariow 6@ further

comrp &Ryt BTEERARY Fotli o L HEEESH arespire within the

regiof 25 A ivkgrehssdbiariry fordeeaghiner®@ gistoarse mnthecreaged@@nergy
64 through t heaperture 48, the piston 44 ?rohlblts

storage GrRagiARs the asrrelaioripitle & é\@'t@lﬂaﬁhd shoulgitheenoted that
e TS R o 500 BRSO, i over

great@Branyer afsgrobisat pmssbmsaatﬁnverthapwemunmldfcaube the piston 44 to

envi ronment in which the ac tor pottl i s
reacrGseBa b TURRYG GErTAT S0 TR bR RIS gy ffom its travel

stop opposite the aperture 48 when the chamber 26 is vacuumed of air and filled with

a fluid, such as the low-compressibility fluid noted above.

[0028] Alternatively, as illustrated in FIG. 5, the piston 44 may move in the direction
indicated by arrow 68 upon a decrease in the ambient pressure of the external
environment in which the accumulator bottle 10 is disposed, such as that which would
generally occur upon moving the accumulator bottle 10 from a deeper position in a
subsea application to a more shallow position. This movement of the piston 44 toward
the aperture 48 increases the volume of the region 62 and decreases the pressure of
the fluid therein. Consequently, the biasing force on the piston 32 is reduced along

with the energy storage capacity of the accumulator bottle 10, allowing for more



regions 62 and 64 without fluid transfer. [0027] In
one enbodi nent, the novenent of the piston 44 is
wW@emen3ioky i ndependent of the conpression of tPEI/ER20081075607
34, thus allow ng the anount of energy capabl e of
bei ng stored by the accumul ator bottle 10 to vary
according to environnental conditions even when the
efficigntsipent®h ofsa hydidaylio pecuintd Whithtthe acbamotato2dotled O is
cannot further conpress the spring 34. For instance,
CO””%\%teahe anbi ent pressure of the environnent in which
the accunul ator bottle 10 is di sposed increases, the

[0029)F eS@Hrﬁ%dMefn'ﬂynlntJi% E@8baM&Ht, fri é%lérﬁ%r@ésﬁréfbvéﬁs%ﬁngs
travel in the direction indicated by arrow 6

deSlgm adithe: exemp!ary achempitaiesbeided) feaiitates agtamnatichadjpsisnern of the

enerdeibfadb i RHeDY af 0y age iR il 140 BEeaTRe M i iy
presstips iM@hi. it [EdispaBrde Meaiabhf, tihib @il @iméht bhthiehsressure-
di rection indicated bil%t he arrow 66 further conpresses

compeRgated acsumulaton bplle @Qﬂﬁa@ﬁ ltSr%m&hlﬁg qQMgr gnwide range of
ambl%ﬁ‘[g@@tﬁ s rﬁtﬂﬁa{l g e@tﬁ&%{kﬁ@%gﬂmﬁﬁ or it nggﬁngeed for

S ng OI‘CG I ncrea

time- m@mngtme&@arg@p@mtémrﬁm ot adjusineertLof aicoumiutdtot otli®s for
Addi ti onal shou| d be_Inot ed that the . sprin 46
Si

It
d”“‘”%@r‘?ﬁ%@“%@é? ihSrRLI CORGHIONE s i 1 fYNofeSUNE IR FRAUECRS ¢ hi n
t
mandi8&ufif 'aﬁaarﬁ%l\r)e ncé c%%ﬁaﬁo?\%zéqég%‘éaué cf?ﬂweﬂﬁ'é accumulitor bottle

ressu es at which pi ston
10. Admllmc&mtly ﬂwe‘laamngrmsmﬁ AdTprevisiesifughetpneagural campersation

t t t It
functigh i bae MimarER e st oseo T AR GRBE Tebiog 62 ypgn an
mcreééé inecﬁe\’édrﬁlbieﬁt ﬂ‘e'rﬁbéiatbﬁécht ﬁﬁ)u‘ld*ﬁlsb% ﬁé’c@@rtﬁéls\}vhl'lé Eéiain
not ed above. [0028] Alternatively,

emedlmaG’lSrQafttbG acaumutosbottlad Opingy ¢a mlsmhwpﬁnen\te in

ainB She CBmeBHRHE' G By s oRd b8 FghabinFRER e Afe
pistori182 apeun tied eprimgy 84 end 6, andithe RSN ottisr@migsditeats in
whi ch woul d general |y occur upon noving the

accorgepgenyititthe mhesentdeaimiguemmayasist opoiqansist easentially of, these
Comp%HBﬁ%ao%é %ﬁb'c%?ntglﬁaﬁ’o e%gfhal | ow position. This

novemnent ovvard the aperture 48
i ncreases the volune of the region 62 and decreases
[003Q]he Am exsopargthydraulic circuit 72 including an accumulator bottle 10 is

depicted in FIG. 6. The hydraulic circuit 72 includes a pressure regulator 74 that may
be controlled by various other components, such as solenoid valves 76. Additional
components, such as check valves 78, may be included with the solenoid valves 76
and the accumulator bottle 10 to control flow of hydraulic fluid through the circuit 72.
As will be appreciated, the pressure regulator 74 controls the output pressure to
various downstream components, as generally depicted at output 80.

[0031] In some embodiments, one or more hydraulic circuits 72 may be integrated
into a larger system, such as the exemplary drilling system 82 of FIG. 7. Notably, the
drilling system 82 facilitates extraction of a resource, such as oil or natural gas, from a
well 84. The system 82 includes a variety of equipment, including surface equipment

86, riser equipment 88, and stack equipment 90, for extracting the resource from the



the fluid therein. Consequently, the biasing force on
the piston 32 is reduced along with the energy storage
W@ 2990839y5 of the accurnul ator bottle 10, all ow PQGI/D82008/075607
noreefficient operation of a hydraulic circuit to
whi ch the accumul ator bottle 10 is connected. [0029]
Consequently, in one enbodi nent, this anbi ent
well 82 dasuwellmast 93 piThegxedgdanyrsysfern 82 reagivpl employed in a variety of

G ELENE o e o Tt N o
In onIQ;éhlbéé% %@Bhd‘htlgﬁsﬂféqﬁgr @ étﬂ.ﬂ‘pfi‘l@’ﬂ §ls Ricthfed # 4 rlmﬁg?@ above

ose 'S se ad ustnent o
the spifacssofr theonpiendhe @mmmmnnanb@o l[BJCQlJIFI‘:ledCD tra&:weilh%cbaz near

the ségh fogh antiing V3ot B s BeA TLgn & rERIFS B php RREH Via the
riser édj\.ﬂpﬁ%%@' 8BOIAd WilltheC fiSreBIate, RhE TisBREGE pRRINT B8 TabifRites
adj ust ment of accunul at or bottles for different

transamﬁesm ph@eo@ﬁméedareswmﬁ ta ibesurfakesquinment 36 froasiietsiack

ng turing and mai nt enance costs for
equ Sr{t%%g&rﬁﬁ‘b g” ﬁt he accunul ator bottle 10.
Add| tionally, the floating piston 44 provides further

[00323]r esBhy etacamqermaemtceo Maydnc¢ladala nymbgr efccommperskatts,nglch as
t he expansion of fluid Wt%@rﬂthe regi on 62 u

blowg{ pre ersnariq{gr BWSHUQH?” P& sinase Ireps. oh&y! rgctg@%e&esired
resoUr@d F’r@ fiatw 228 dmaﬂrrrwg ﬁ@?@ﬂ!mﬂéﬁatﬁa én'?@odlment oyeratlon of

accunru ator r'i se ot
the stadKiegugmernd 9015 czmnﬁmde@ by sanesogmplaty gondirad csus@emi 9ébd'\m=

. g., h h i 1 th t 1d 44, t i
exemglir otalis AT A b figeb b S bS I nithafiE pithite A2, cach having
at Iea%@@ﬁé dapeRunitbhbéthe 1@r@ﬁﬁ6<§ntkﬁm@ﬂ@w¢ﬁron§h tRERFERM 88, In

consi st essenti al y of , t hese Cor‘r'ponents or sone

somesezmbcdlmﬂniatthemontr@f syste M POBC|udas anceppare contaelapdseof a

Cil.r cui i ncludi ng an accumul ator bottle 10 is
blowod’g&%‘g\{ééﬁg'lzn FIG 6. The hydraulic circuit 72 includes
a pressure regulator 74 that may be controll ed by

[0033]ar i loudl] ¢ Bpprexitpd mieat aradmuohlIﬁsmslﬂblerudourmﬂdmeboﬁ@s may
Addi ti onal ?pnponents such as check val ves 78

have bggn fiRIoyEd rtq?@hsfmdéﬁwcocmpgpt\;g§ sqnteg) @ogiia enable gperatlon of
the ci utu%%{rﬁ&r %ﬁaﬁ?%%eegil?%%rﬁ |ﬁ§§1§bﬂ"3 (el §a Fooeet BigeS; any
variation outside of thls limited range would generally necessitate adjustment of the
pre-charge level in such accumulator bottles. In at least one embodiment of the
present invention, however, the pressure-compensating design of the exemplary
accumulator bottle 10 allows fewer bottles 10 to be used as the accumulator bottles in
each hydraulic circuit, as generally illustrated in FIG. 6, while allowing operation of the
hydraulic circuit over a substantially greater range of operating depths, such as a 500-
foot range, a 700-foot range, a 1,000-foot range, or even greater, without adjusting a
pre-charge level in the accumulator bottles 10. Indeed, in one embodiment, a single
accumulator bottle 10 may be included in each hydraulic circuit to provide the greater
range of operating depths, including those noted immediately above. Consequently,
the pressure-compensated design of the accumulator bottle 10 may greatly reduce the
number of accumulator bottles necessary for operation of a hydraulic circuit 72 over a

wider range of operating depths and conditions. Of course, it will be appreciated by
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As w |l be appreciated, the pressure regulator 74
controls the output pressure to various downstream
W@ ovposews s, as general ly depicted at out put SBCT/PSDBLH75607
In some enbodi nents, one or nore hydraulic circuits 72
may be integrated into a |larger system such as the
exenplary drilling system82 of FIG 7. Notably, the
one stilliedlin tige aMSh&mm&adcamUIatbabettlee‘o(l mg/tben@mpfoyed in a W|de array
esour c oi | or_natural gas, . a_ wel |
of sySRRs b nasanioe fois rrdgnt kit S0%eauFiiane ha'7.”
i ncl udi ng surface equi pnent 86, riser equipnent 88,
[0034gnd \ﬁﬁhﬁé Kh@ﬁWeﬁHBﬁ”ma%pbe fsQécé?jﬁb'[@ﬁi \'/élﬁ)tlsr}ﬂoﬁiﬁ%%rfeeand
romthewell 84 via a well head 92. The exenpl ary
alternajiye ohng awaylflb@r@mdlme@bs haveabeam sbo\yndﬁ‘y wiay bf exgmple in the

draw@p a{%ﬁ%av%ptg%) (g%ac It?gasih IQe SE‘E Iﬁg Sﬁér &t}?\%gﬁyg% H@derstood

that tB&!irfv@@eoR G henB indel tbdeTm‘pliﬂé@d) the warteilbl forehs diSclosed.
above the surface of the water, the stack equi pnent 90

Rath@‘rs”tﬁ)@rsfﬁ%pﬁ ts torevaeRll Rragifications agauivalestsa and@diernafives falling
t

withir 1%, o e cte GFTER in B as FerB LRGSR ¥ppencied

claimappr eci ated, the riser equipnent 88 facilitates
transm ssion of the extracted resource to the surface
equi pnent 86 fromthe stack equi pment 90 and the well
84. [0032] The stack equi prment 90 may i nclude a nunber
of conponents, such as bl owout preventers and/or
production or "Christnmas" trees, for extracting the
desired resource fromthe well head 92. In the
presently illustrated enbodi nent, operation of the
stack equi pnment 90 is controlled by an exenpl ary
control system 94. The exenplary control system 94
i ncl udes one or nore hydraulic circuits 72, each
havi ng at | east one accunul ator bottle 10 and
controlling flow through the system82. In sone
enbodi nents, the control system 94 includes one or
nore control pods of a bl owout preventer. [0033] It
will be appreciated that, traditionally, multiple
accumul ator bottles may have been enpl oyed for each
hydraulic circuit of a control pod to enable operation
of the circuit over a small range of operating depths
(e.g., a 200-foot range); any
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variation outside of this |limted range woul d
general |y necessitate adjustnent of the pre-charge
WO 2008403395 such accunul ator bottles. In at | easPCDOg2008/075607

enbodi nent of the present invention, however, the

pressure-conpensati ng design of the exenplary

accumul ator bottle 10 allows fewer bottles 10 to be
CLAIMS:2d as the accunul ator bottles in each hydraulic

circuit, as generally illustrated in FIG 6, while

all owi ng operation of the hydraulic circuit over a

sybst A Adumda@RbBlid GEBrighgoPer ating depths, such

as a 500- foot range, a 700-fo0t range, a 1, 000-foot

r arfyrising genverallygdetinieg a fivst blvambenifng gisegoad phantiesr ge

level, i.n th | at ttles 10, |ndeed, i
o et mista SR b AT S ¢ 1 o 10 ey be
| BCdpriAgHispoRRACRH thy deashd ehainbeH ahd tcBnfig@edds dops a first biasing

greater range of operating depths, including those
force oot toe firsiraistont el y above. Consequently, the

r .e- : . i tt .

el E SATRRER b ¥ aendd G BT BB 2 Hefining a
third Siedrhbers wirseinsae thit@chameeats dispededintfiuid aohinturiedtian with the

72 over a wi der range of operating depths and .
secongAERMPehNd en driNakenyifonment ipav ?Jbﬁ’@clﬂ%ﬂ%%g isydgRosed; and

ski iF . hat,.: : . .

o5 ek ety e BRELSATAGY yhRi4ltne Qo8B piston
comphigds auressurieraumpengditibhgriston ankas cohfiguredrio EiveEte thee dodl

. 0034] Wile t N ti b tjbl
chambsr (T2 radieaiEu s SR parameio 478 SFeand Chabss end a
secoRITRQA AR Gid RBVEMBSIBRLSH AR tRY MRN8l erRXRRieht] dhd REfacilitate

draw ngs and have been described in detail herein.
balanengeofdhe pressihiewif a fheid dispesed dothe seaondrehamasrwitlothe gressure
not, intended to be limted to the pafticul ar forms :
of the el BV eyt Rar Sugt et i bl T € Bf §'sEpd) ol orce applied
on th&Biektigisiah igNhe prEsEUrEloe MeStluiatiépahbls i Ridsy A pAiohitR8 pressure
within the spirit and scope of the invention as
of theqextered epyiremeenbl | owi ng appended cl ai ms. CLAIMS: 1. An
accunul ator bottle conprising: a housing generally
defining a first chanber and a second chanber; a first

pest on Téiesgpeaatilavwt bonletdfeldinT stwied@irbiic secopprpiston comprises
di sposed in the second chanmber and configured to apply
a floajinginiglenpi asi ng

3. The accumulator bottle of claim 1, comprising the fluid disposed in the
second chamber.

4. The accumulator bottle of claim 3, wherein the fluid disposed in the

second chamber comprises a generally non-corrosive oil.

5. The accumulator bottle of claim 1, wherein the spring comprises at least

one washer spring.

6. The accumulator bottle of claim 1, wherein the spring comprises a coil

spring.
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force on the first piston; an interior wall disposed
within the second chanber and generally defining a

W@ boopd3vmnber, wherein the third chanber is dPGPUSWAS/075607
in fluid communication with the second chanber and an
external environnment in which the housing is disposed,
and a second piston disposed within the third chanber,
wherein the second piston conprises a pressure

c {“33” tgir?%gpﬁ';tﬁétgpggﬁlgrejfclﬁon{ C;g)urpelr?sflrt@@g a\gdltlonal spring
disp o%@HWfPﬁr?fﬂé 8 réégﬁéh bhéeSBa %aﬁimber and a second

region in connunlcatlon wth the externa

enV|ronnent, and to facilitate bal ancing of the

prLessu of a fluid, di the se ond cha

WPLh t nEe el aob POl RET St haknenlt o dgicn bottle s
confiltatl tb e JEmaadjlseey ©f fagilifre @pdnkil @9erwuohcat%ﬁrf@r@ﬁt h@Bient

on the first plston by the pressure of the fluid

pressyegends at | east in part on the pressure of the
external environnent. 2. The accunul ator bottle of
claim1, wherein the second piston conprises a

f boat i NhepicelAulatdr bdtile cfatalmi aviesrebothd gcovim@hir Ibbﬂtle does
conprising the fluid disposed in the second chanbe
not reqUitkePra\ahefk Ataintepanee éoro'ﬂ“bcfii%ﬁ APEYatigR &t Svey d@ﬁEth q;qps@entlally

dlfferghtstﬂaﬁ%‘fj\e'éhc}tﬁ& second chanber conprises a generally
-corrosive oil. 5. The accunul ator bottle of claim

1 vvherel n the spring conprl ses at | east one washer
spLi ng ccupul at hottle of claiml, whe n
TRB! comhgactu s BOLR Bl Ent  WaSein teshitio Aoat gured t
applybcﬁbtflrﬁ tﬁé&ﬁ{; #rdebn FRTRE! S50 \BE affdist bRB ) aﬁﬂuhgﬁ‘& ora plston
disposed wthin the first region of the third chanb
stem @ouplled tadbe fitdtgpisionbottl e of claim 1, wherein the
accurul ator bottle is configured to be self-adjusting
to facilitate optimal operation at different anbient

11.  The accumulator bottle of claim 1, wherein the interior wall is coupled to
the first piston such that the interior wall moves in response to movement of the first

piston.

12.  The accumulator bottle of claim 1, wherein the second piston is
configured to facilitate equalization of the pressure of the fluid and the pressure of the

external environment.

13.  The accumulator bottle of claim 1, comprising a fluid connector coupled
to the housing and configured to couple the accumulator bottle to a hydraulic circuit to
enable communication of a hydraulic fluid between the hydraulic circuit and the first
chamber.

14. A system comprising:
a pressure regulator; and
an accumulator bottle in fluid communication with the pressure regulator, the

accumulator bottle comprising:

13



pressures. 9. The accunul ator bottle of claiml,

wherein the accunul ator bottle does not require
w@e@obmeHe mai nt enance for sub-sea operati on BET/USZH08/075607

dept hs substantially different than one another. 10.

The accunul ator bottle of claim1, wherein the spring

is configured to apply the first biasing force on the

first piledusinginalualind:east one of a plunger or a pi ston

stem coupled to t e ston._11. The agcu

bott1 e of oPARraLIC s ShafoR CPiidieglo dagaive & rdt i

coupl ego rl‘él?\%éh &GlauRb fiLRA such that the interior

wal | I'n resgonse to novenent of the first

pi ston. 12 afresswenamzensatibo chaeber cohtiguned tovibeeiet @

t he second ston s configured to facilitate

equal i 75F9 fj % pressure of the fluid and the

pressure of ghhgnigisheprakurRNendrapseednfighfed fRceive a third fluid

accunul ator bottle of claim1, conprising a fluid

connecfrem aogprisenment WéNhlﬁbéhGh@CQlﬂmUl%@ﬁ bejtie égidisposed;

o Bnai e A dcs Rahe LSalAN S INEERbE fad fHbfioured to
t Bividey theatWdraulid ﬂmdldha&mérﬁﬂite 4 ilrfsﬁtegm@@bﬁtamlﬂéthe first fluid and

system conpri si ng pressure regul ator; and an
aBcRPaNdtregiopdn f 'P@' ¢CHT‘ mU@iQ?t'@B iheReasH R Gmpensation

plbﬁgﬁl%léﬁ e{rﬁ:gl“ ator, the accunul ator bottle
conprising.a housing including: a hydraulic fluid

chanben seeohdgisted dispasedeén ¥ee ambierd toré$sured chambrer @indg

cAFGHPEdS cbyfetis SwBleTE aermurs FORADSBITO o (hd Fegion
containing the third fluid and a fourth region in fluid communication with the
pressure compensation chamber, wherein the second piston is configured to
balance the pressure of the second fluid and the third fluid such that a biasing
force applied to the first piston by the pressure of the second fluid is self-
regulated by the accumulator bottle based at least in part on the ambient

pressure of the environment in which the accumulator bottle is disposed.

15.  The system of claim 14, comprising a hydraulic circuit including the

pressure regulator and the accumulator bottle, wherein the hydraulic circuit comprises

only one accumulator bottle.

16.  The system of claim 14, wherein the accumulator bottle includes a

spring disposed in the pressure compensation chamber and configured to apply an

additional biasing force to the first piston.

17.  The system of claim 14, wherein the accumulator bottle includes a

spring disposed in the ambient pressure chamber and configured to apply a biasing

force to the second piston.

18.  The system of claim 14, comprising an oil production system.

14



an anbi ent pressure chanber configured to receive a
third fluid froman environnment in which the
W@ ewunsdvas or bottle is disposed; a first pistoPCT/US2008/075607
di sposed in the hydraulic fluid chanber and confi gured
to divide the hydraulic fluid chanber into a first
region containing the first fluid and a second regi on
in fluid conmuni cation with the pressure conmpensati on

chanber; and a second piston djsposed in the anbi ent
B s SHSIABRT SN PGB GV o g vi de. t he. anbi ent

pﬂ?@ﬁt‘é? ﬁui%lrh’% ed thtHe?iﬁéthgi%nfegi on containing the

third uid and a fourt egion in fluid conmuni cati on
withéhsedandoltuid slisp®sedrip éms prdssure bampensatignecEimberméhe second

. seco(gggog Sttﬁn IS gon(fji gured to bal ance the pressure of
YOS EEORY I "EP@ atd %t he third fluid such that a
biesthivel fiuid erspaBel it thd hirdheglont st pi ston by the

pressure of the second fluidis selfregulated by the
accunul ator bottle based at least in part on the

Pumu BB SEHD Br Sl 15, QMBS ok el Yl g @ pluray o

regulgioaipiotldrcutte)whesdimeash hyglilater ipllotceirauiti df the @Imd&tﬁg@f&@@lator
. pressure regul ator and the accunul ator bottl e, erein
pilot gircalith\v@MRIISEs acpresaiie EoRAIPsAYd BRIMOrsBan EpgrAACHBHator bottle

he system of claim 14, wherein the
per p%&hﬁfeﬂ?to ottle includes a spring disposed in the

pressure conpensati on chanber and configured to apply
aﬁ addi tional, bi asi.n% force to the first piston. 17.
The- syt BRINGD COEPHSIHG. wherein the accumul ator bottle

LE%M%@ PpeRELRIcShBBRSAEd Il eI AFPHSHE BhE§SHE0 store

lanber “and configured to apply a biasing force to the
energyeoenbyrastiooircuig whEetieingiie tosessufre cloai panbatec aoqumuglatay bottle is

.an qil production system 19. The stem of claiml14
configlifed sugh Bt aih enroy o Pl cerarty gLIE PFstwe 9dTtpnsated
accumBtéfis self-regulated and varies with respect to an ambient pressure in which
the accumulator bottle is disposed; and

coupling the pressure-compensated accumulator bottle to the hydraulic circuit.

22.  The method of claim 21, wherein the pressure-compensated
accumulator bottle is the only accumulator bottle coupled to the hydraulic circuit.

23.  The method of claim 21, comprising:

operating the hydraulic circuit with the pressure-compensated accumulator
bottle located at a first subsea depth;

moving the pressure-compensated accumulator bottle to a second subsea
depth substantially different than the first subsea depth without servicing the pressure-
compensated accumulator bottle; and

operating the hydraulic circuit with the pressure-compensated accumulator

bottle located at the second subsea depth.
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the second fluid disposed in the pressure conpensation
chanber, the second region, and the fourth region; and

W@ b@9osionsl fl uid di sposed in the third regi on. PRDUSZNE075607
system of claim 14, conprising a control system having
a plurality of regulator pilot circuits, wherein each
regulator pilot circuit of the plurality of regul ator
pedot diheanethedas gaims2s veharessiherfest /gdeatdeptiadidfens from the

re than o accunyl at ottle per pressure
seco&iaﬁpégqgept .”@Ué&h@kéﬁQ: risiﬁg: Sroviding a
pressure-conpensat ed accunul ator bottle configured to
store energy in a hydraulic circuit, wherein the
pressur e- conpensat ed accunul ator bottle is configured
such that an energy storage capacity of the
pressure-conpensated accunul ator is self-regul ated and
varies with respect to an anmbient pressure in which
the accunul ator bottle is disposed; and coupling the
pressur e-conpensat ed accunul ator bottle to the
hydraulic circuit. 22. The nethod of claim2 1
wherei n the pressure-conpensated accunul ator bottle is
the only accunul ator bottle coupled to the hydraulic
circuit. 23. The nethod of claim2 1 , conprising:
operating the hydraulic circuit with the
pressure-conpensat ed accunul ator bottle |ocated at a
first subsea depth; noving the pressure-conpensated
accumul ator bottle to a second subsea depth
substantially different than the first subsea depth
wi t hout servicing the pressureconpensated accunul at or
bottle; and operating the hydraulic circuit with the
pressure-conpensat ed accunul ator bottle |ocated at the
second subsea depth.24. The nethod of claim2 1
wherein the first subsea depth differs fromthe second
subsea depth by nore than 200 feet.
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